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Will likely need a heat sink! Images: https://upload.wikimedia.org/wikipedia/commons/thumb/4/4c/2N3904.jpg/220px-2N3904.jpg 
https://en.wikipedia.org/wiki/File:Toshiba_2n3055_transistor.jpg 
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Image: https://www.adafruit.com/index.php?main_page=popup_image&pID=976 
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Image: https://en.wikipedia.org/wiki/File:Electronic_Amplifier_Class_A.png 
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Image: https://en.wikipedia.org/wiki/File:Electronic_Amplifier_Push-pull.svg 
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Image: https://en.wikipedia.org/wiki/File:Pwm_amp.svg 
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Occasionally used 
Load influences switching 
Limited voltage on load 

Typical configuration 
Switching  independent of load 
Load voltage controlled by Vcc 







Jeff Shelton – 27 January 2015 





𝑅𝑃

 Open 
Collector 
Output 

Digital 
Device 

RP 

5V 

Load 

VCC 

Power 
MOSFET 



Jeff Shelton – 27 January 2015 

𝑉𝐿 = 𝐿 ⋅
𝑑

𝑑𝑡
𝑖𝐿 

16 







Jeff Shelton – 27 January 2015 17 

𝑉𝐶𝐸  
𝑖𝐵 

𝑖𝐿 𝑉𝐿 

𝑉𝐿 = 𝐿 ⋅
𝑑

𝑑𝑡
𝑖𝐿 

breakdown voltage 

1 

2 3 

4 

Negative 𝑉𝐿 means connection 
between inductor L and 
resistor R is at a higher voltage 
than source voltage +V 
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Image: http://www.tandyonline.co.uk/741-operational-
amplifier.html 
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Open-loop Output Impedance: 75 Ω  

Open-loop Input Impedance: 2 MΩ  

741 

Without op-amp:  𝑉𝐿 =
4 Ω

2004 Ω
 𝑉𝑠 = .002 𝑉𝑠 

𝑉𝑠 

With op-amp:  𝑉𝐿 ≈ 𝑉𝑠 

𝑉𝐿 

+ 

− 

(as long as output is not saturated) 
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Closed-loop Output Impedance ≈ 0 Ω  

Closed-loop Input Impedance: 2 TΩ  
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At max power transfer,  𝑍𝐿 = 𝑍𝑆 and 𝜂 =  0.5 
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𝑃𝑠 = 𝑉𝑠 𝑖 

𝑃𝐿 = 𝑉𝐿 𝑖 =
𝑍𝐿

𝑍𝑠+𝑍𝐿
 𝑉𝑠 𝑖 

However,  𝜂 > 0.5 when 𝑍𝐿 > 𝑍𝑆 



Jeff Shelton – 27 January 2015 37 

𝑍𝐿 

Po
w

er
 L

o
ss

 

Source Impedance, 𝑍𝑆 

𝑍𝐿 

Ef
fi

ci
en

cy
 

Source Impedance, 𝑍𝑆 

50% 

𝑉𝑠 

𝑍𝑠 

𝑖 

𝑍𝐿 𝑉𝐿 

+ 

− 

𝜂 =
𝑃𝐿

𝑃𝑠
= 

𝑍𝐿

𝑍𝑠+𝑍𝐿
 



Jeff Shelton – 27 January 2015 38 

𝑍𝐿 

Po
w

er
 L

o
ss

 

Source Impedance, 𝑍𝑆 

𝑍𝐿 

Ef
fi

ci
en

cy
 

Source Impedance, 𝑍𝑆 

50% 

𝑉𝑠 

𝑍𝑠 

𝑖 

𝑍𝐿 𝑉𝐿 

+ 

− 

𝜂 =
𝑃𝐿

𝑃𝑠
= 

𝑍𝐿

𝑍𝑠+𝑍𝐿
 

B A 

B 

A 

iD 

VDS 



Jeff Shelton – 27 January 2015 









39 


